;e3e"4 . *$"6Z"T"W1'1bbl66" 111l C2 a CT 2002 . , PREPARATI ON AND
PURI.FI CATI ON OF D1BORANE TECHNI CAL FIELD The present invention rel atm 19002
production and purification of dibordne: »BAWM&WI’WMWWM&M% ( §)
i's a flamabl e gas which is used as a p type dopa ductors, and
is also used in boron-phosphate-silicate glass form ng.Di borane fornms a
wi de variety of conpl exes PREFAREHGN A2EBURIEIC ATI0ON ICHBPIBORMINVEIr ot ur an,
borane dinethyl sulfide and a variety of am ne boranes. These conpounds are
wi dely used as selT&GHNKCAkHUEIRg agents in synthesis of ~ o
phar maceutical s, fine ni.¢ G ] : 10, : l.at i
baths. At room terrperaﬁlrﬁ]ggjfes |I6g\%§?ﬁ§ﬁgfa&wq§p ggg‘#@o@é?ﬁ{lg@ﬁ%ﬁgrd%%@ghes
with their physi cackeROUNDART from gaseous to solid. This causes
process variations ,) and equi pnent nmal functions. In order to reduce
deconposi ti on) 5di bor and®iberago BHidnisse Smnpplld £88 Vehieh 6t useé agia h typebficpakiein
gas or at low tenmperature, such,as 15 at _dry | t rature. ot her way
to overcome the deCBHEBLRIEN 287 oB ge]ﬁ%’ iusfeéjo%eh%ﬁgip%gpcﬁ%ﬁf ingaﬁsgﬂEﬁ Bﬁ?’éfﬂ%‘
gener ation. Hovwevesiboiahe feirhd b GhhE iveSerg e Osomipddxesl Wil fewi B8R0 tsudy B heshs
and purification processes have inhibited point-of use di borane generation.
Nuner ous possi bllerahygraderen obordns 8imathy] SPHIOR P2 Nanky 198 amipsubbrasese dheseo
The nost typical d rci u n | ' he reagti.on of
sodi um bor ohydri dgc% pﬁﬁﬁggragén%{d?ﬁy I égegi ?el wn&glkl e@é@%eérﬁ%g&sﬁnchslg eSS of”
di gl yme. Becauge tpHafmite0SR%S f6 fgahic gidnyicalnbhdersmivi@s relay priisg biths.r equi r es
significant safety precautions. Further, diborane conplexes wth solvents.
Such corr?l exg_sbmake it A fTP‘PTEMTPCf%“TﬁuﬁbP?“F RlOwdy éﬁﬂomﬁesicsz@hmhprr Efzemisrﬁd‘hjry
process for dibor . Ra Thi s-
process invol ves ?‘gglcr: | 8%&213 &alﬂi t@?ﬁ%%%{rﬂ 28%?%%0@]&;’3%‘: g”\?ﬁ? ?1& for o ot
triflyoride (BF3) dind edéprabisemekumfios. sdhvender tAseducprdstempasitionet dibatand he
pat ent descri bes condensi ng. gaseous. bor on . ui L#ﬁgri de at |i quJi d nitrogen
tenperature onto sYMHREDSPBASARS ¥R MM 2 PIRFKS 8eHar PO FRREr TS (SHFb2% o
Feacti on L | N e Db T opar o1 o & oyt pratem isfo
reaction ~~~| NA~0~ enperature for 0 ours. e
process yields a n¢mplgy @Oélﬁmfa‘ﬁ%idﬂ’@fa&ﬁ(ﬂﬂ“’-’nggon% Heweyeantheadifiicaities enseunssred ng
unreacted boron trjflugride. g : b , agh S tehi um
bor ohydri de with b{g?dcl)nﬁ{c%?’?l Sdg{r?‘?ﬁge ahl n§+rg505?§‘ﬂdda{%%f9%?v}é%gpg%irb%§? gé%i.’”gmsy
VWil e the dry procdiberape genetl@iondi bor ane free from sol vent contam nati on,
t he product contains significant unt. of unreacted horon trifluoride. To
achi bve hi gh purity di bgPQﬁ@PStPQEFi‘qﬂgéne&@f o |dibaTERe eel§uitPyy be Behlished: o
the diborane feem rhe sl @pichirdnti lcmifertially e HinReis SneltfodSt & réffiok 8I¥BRI
production and is a , batch process . Based upon thernodynanic

consi derati ons, t hbosobydridegwitiyboron triflupride ér BHEGIREMISFECR\RS dighyBieo Because this
trifluoride should M9kt 0 : i 1 i um
bor ohydri de, but tﬁg)%g sesrgs{/lfgg?ﬁgr{s set ogrt nﬁn“ﬁﬁg@mﬁg%hggtg’gﬁtgﬂmghﬁgﬁl
that the reaction Fombéryiditspraret domplexeowithysdiveots. dbweb cootplexes makeefitl difficult to
practice. DI SCLOSURE OF THE | NVENTION: ~ s One aspect of the present

i nvention provi des PREHE d1boFAne reating m xtures containing diborane and
boron trihalidgg such ag Pﬁg&&dtawrb&w 7 Eibora s S idesis g &&_ﬁg@& X WISepMd D
a reagent conposition incfuding ohé or nore inorgani ¢ hydroxides. This
aspect of the invedi388iR84ncHippraetsssnydiesdeartion of Yitivmtor isndinmehorchydride with

hydr oxi des sel ectiyely scave r.on trihalides, an articyl arl F3,
fromgas zo mxtur ﬁef%bﬁf‘ﬁﬁ°ﬂﬁng€55‘6?‘é%é‘?#%°eﬁéﬁf‘{F'g; a‘_tsh% pFeggéeéln%eEog, gxe
conposi tion may inghidde SREYs WBERnAhK abdseoBt aordly dirPbAES AUMUAS HRGEAM
potassi umor |ithium hydroxides; alkaline earth hydroxides such ‘as

beryl lium cal ci umtersperamted omoasediuhabonohydridés dhéndwermiagnibn iresnitdng dnizrireieg a

nd transition netal dr oxi des. . . .
and trans 30 rcact%n temperature of 0 to 50°C and holding the mixmre at the reaction

IR

*G00002*



‘M xtures of these materials nmay be enpl oyed. Desirably, the reagent

conposi tion 2s ineludes a substantial amount of the inorganic hydroxigdep(T 2001
j.e. nmore than 10% and preferably nore‘than 20% hydroxi des. Preferably,

the conposition is predom nantly conposed of the hydroxi de or hydroxides,

i.e., the reagent conposition cgontains nore than 50% nole fraction

hydr oxi des. Most 'GRREFEPHDHIY 4 1o HE NouHg ettt RIBFRIDYIEISS e RS FRNanERsbRYS ¥ Py
of the hydroxt de o, edid S miablifh HeSER08H0n FHRASE URR: RS Aohdinlofs

present in solid torm such as po r, pellets, 2 .~ ..~ ~ =0 7

oc~ z002 granul eseafiom of Qaliiumgbmohyainide vartt barap poflbor&iack shggishumdngvey poor
silica. The reagent conposition may be pretreated by holding ~t at an

el evat ed tenperadifl® prior to use, as, for exanple, by baking in an inert

at nosphere prior to U$g.: i td S

pr ef erpabl y Psg room te%rr%}g}ea'th-tg:ue?y g’?ﬁg%g’?vg}g%f%giﬂgeﬁ%&gﬁgmngf%&g?lg N y
about OC or bel oge greaparahuiinsigtfiow ahout of 2@Eactantordesiifladlige. PRI soni@out
-40C, are even nore preferred. The use of such |ow tenperatures mninzes
deconposi ti on of hihopirihditosanen tedisus disgidatiqny 4§ 1qgpEEG 03P ate; the diborane from

di bor ane- cont ai ni ] Xt .S 1 t tacted wth the
reagent conposi til%neg?]pgg‘?ﬁel?fﬁg}r@?' tnrh%hﬁgrrpgﬁgg %F\?Q?n&{]ﬁ%?ﬁsagsggﬁgéé} f]}r{]Hgt’szi ep -
desirably is abowetchheodess | Bagdtwopehamotnaafic didierunengtihé heachibe 98 Utfum

enpl oyed. Stated anot her wa%l the prevajling pressure in the contacting
step i s bel oWt h@oEpATAe Yitinberap sPNperitesiperldote aokof2yREedathan Hhe comparable
t enperature, enpl h IR StiBP obsERBLRI det f f
di borane is aboutr%gglg“g{h stgt ﬁlongg e?ﬁg p’resslurg,S anH egr?cgg% @ngn%%t;’éﬁﬁn?e
in the contacti ndnditag thatsthelgsactiablipvalsing B shiemaboohydr@2Gldef ndiewarintvalt tinng
step is performed at. about atnospheric pressure. Dry ice tenperature (about
-80C) is particulP5¥ ™ preferred. The tine of contact between the nixture
and the reagent quRPPSSUMOFEYRRENYENTMONEcConds to a few hours, although
very short contact tines of a few seconds are nore preferred. The
contacting stiép can b@®nseaspent wétheppressAWinyention, proidesr aetbpdsnioy tregtingymixtures
conti nuous basis, . PASSi ! 0Nt 1. QU t v el .
cont ai ni ng the recgg%ln §fr‘?§g“é‘|&? ?%%%ﬁfﬂlq%\?vs?g{ gyﬁ‘%’]’?l’&}gﬂg‘i’{%geh e\?bgsg(%ﬁ?éugﬁd

t he proportions ahe tihixnwesséth andeagemundmpdsitionadgehidigonmes iot i a1re anolganic
selected to provide any desired contact time. Desirably, .the purifying
process, and par thyg{ﬂx&?vcfyeﬁi‘l%a%_ﬁﬁto hg W&“@’PBd?coﬂ%alﬁﬁﬁgﬂ’ﬁae&tfhﬁ’ ST on
where the purifi afafskidbs MeTeaiR]y Scavngebdi&® thinaRaek, LA SArRAA/REBFS PohI fdsed
about 4 hours or Iess before it is used. Most preferably) the diborane is
purified i mmeddi atreixuréseéantaining dibpranse df-or Axampleg thetadgenticgrapasitisin maje include

i nvention has been sumuariz above in,' . ti ] ificati .Of
di borane, the pr ol&s¥ AP¥§ %gﬂl Bgetﬁlpb??rggﬁ?%@%cﬁxr Ia?{%gﬁ%x}rgn&gt% és(x)tlnﬁe?r Bithidm
i norgani ¢ hydri dafdraxides] anaN® efith hydoxjeesi suchak ivdedlierh heslcidm, t Shantibarma
trihalides such as BF3. Thus, process is applicable to renove inorganic 3
0Z0 CT 2002 haeriges yAekdesogunqmivm y by rﬁ’égeisél‘%c‘!%"foporw@t‘ﬁeh&%@ﬁb‘es-
consi sting of di i i nﬁﬁ[ﬂg ( G i .
arsine (AsH3), S?Ig E)’?‘;r:rgs {) gmﬁ%gﬁﬁmﬁ?’u@i t e?'eof .S @gf{ﬁggp%eﬂfﬁien%@}mn
i nor gani ¢ hal 1sdesinvlhdesta substantizhmmonstnaivbel inerg@ansdlydoixadt, fiieomaré thagrl®d and
consisting of BF3, SiF4, GeF" PF3, ;S, AsF3, Ang, ShE3, SbFES and .
m xtures t her eof .PIA{erabt nBpreasthan ¢ 2%  (WEroxilsent i BIFfSTARNY udlE cpmposition  is
realization that Wals) wb - teNigROhVHrS43 Lth

hydr oxi de- cont ai rﬁ} ﬁ%&@gg’ggm&ﬁ’?ﬁ%ﬂr gf %ﬂflﬁgriﬁdegé)? v}éyatrg*lgéesr?m%"cg?bcr)%agem
di oxi de if car borcotiipogitide costains @xeea thanf0tZhenohé fraaiion. hy@haxsdes pr Mostsipeferably,

according to this_aspect of the invention include the steps qQf contactjing a
m xture cont ai ni nige dra8ERaFATRSSILGE I‘f@’?“ﬁ‘%ﬁﬁs_ﬁ’gﬁﬁ& JRfr Fﬂjéo’gggd’f g’é’ﬂ%‘g S'at;h\?e
and carbon di gxi dﬁa%@né?g@g@ﬁ%ﬁ?g%ﬂf%&;?és&h% dofiagsih. sudhad BRESS pellers

conditions may be a ssed ove’ in connection w th renoval al 1 des.
Where the gas m xture contains both halides and carbon di oxi de, both can be
removed in a single contacting step. ~ 5 Yet_ another aspect of the

i nvention provides nethods of synthesizing df bor ane conprising reacting a
bor ohydri de reactant including potassium borohydride (KBl-14) with a boron
trihalide, nost preferably BF3, to thereby forma reaction producé. The
reaction desirably is performed at a reaction tenperature of abolt -130 C
to about 20 C . The reactant desirably includes at |east 20 20 potassium
borohydri de, and preferably consists essentially of potassium borohydride
or includes potassium borohydride together with sodi um borohydride (NaHH4).
The reacting step desirably is perforned in the absence of a sol vent and
thus is referred to herein as a "dry" process. The reaction desirably is

Y o e - o S o r o



-4 ., K 5v 0 20CT 2002 reaction wth potassi um borohydr~de is especially
favored at the preferred tenperatures of about -130 to about 20C. I\/bgtz 0CcT ZUOZ
desirably, the reaction conditions are selected so that liquid BF3 is
present in contact wwth the borohydride reactant during at |east part of

the reaction. Thus, BF3 desirably condenses on the 5 borohydride reagent.
Still further aspegasiles or heoalmecnltalbmeﬁrsémodbs%bpﬁéraé‘tfﬂ@af0(§r511|!f@rth?ﬁfﬁ@emhe

processes di scussed above one_a rovides. a
purifier to sel ecﬁ%%’“gamné%l’ﬁ%?‘&iﬁ OHJOIF es suc mgdo%lg%eéaﬁ&rec%?%ow
di oxi d& from di borgaesCeat BampRIbvPbal@hd Rl ani iRQT GaHdkPhehy/piiéde vit Xt ures, and

al so provides a t o di borane generation systemincluding such a puri f| er.
Anot her aspect of the |Timemnp@rﬁnpcom| @escoatag@rﬂempoprefcm lmmr@gmdidmneamere

usi ng the potassiu h reac ion di

i nclude a purifier® %‘Rcﬁ% éc‘ﬂ g% Ahéle moApBae?eg%b %g?:lggjr) ﬁeor mBWt h %’ﬁpeéglﬂeeéts
of the invention ngyopepbitshatd ethdddesirifly Rl alitut USBC, 3&@@ V8P @b lpYerbiSed.
connected directly to di borane-using ~ 5 process equi prent for contlnuous

or batchwi se transTies usf of lvechdldvonamperaweree nmoninpaes | decedposiidrnef ajpaarat insthe
into the di borane-using ﬂw prment . BRI EF, DESCRI PTI.ON OF THE WNGS Fig 1
is a diagram of api&af@fus’PH PEIEIGPY a Mt DG e ‘Eﬂ’?@“@%ﬁm‘tﬁ%ts igfthe jgaseous state

i nvention. zo Fig. Red Wt Ahe dea BR CokgBRiG6n. AT HErtbHY, Bné REhMAE

di borane and BF3. “Eﬁ‘g‘ kgnéﬁ'?es an mfr%ar%e sglgctlr unm of rt he mxtur%{qtp m the
after purificatd oncdanecing crepadesirabliyt is zhoxe ghd ddilimgntemperanite mfndémrammt Eleg

3b is an infrared I?fpectrum Of%cf ﬁ.ﬂ,]e%hﬁarl em Xt ur, |rrécll din esdl tgowa1 ecar{al tBF3.
25 F}g fa is an i Ffsgrfeamglﬁéwr b:;@c;hé ‘?’ﬁy% Beégfﬁtbg Y df;};ce? on CmBS
purification in acges dansefowi 0ia RIFO Ghir ¥BUY ditaganeNMEMel RitapeMallE
FOR CARRYI NG QUT TH %SI NVENTI (!]\I Ae\gpar atus according to one enbodi nent eof t he
invention incl udeseraplgxeadgnihei htectingasiep: ks beiling|ermpasamtr ofydiberane is aga
cyllnder S having 2;PEesSiths: L&gﬁggﬁgguw 218 Nl Be (EApbeataPl BP EleCebpticlil Sep

reaction cylinder aIRIA or dhy C ~ zZ00Z2 rea
insolid form Reacaésﬁmblﬁ]yisl EISB% Aﬁohasmc lfnihet contdcuBg \stdp ) peornudt ketabout
~~al ve V2 on opposite ends. The reaction cylinder is jacketed to facilitate
cooling and | ow t epROsEheBicPressyet iRgh ICFH@HPFGW&@WV%J"% IWNESHIQIWdETFfCRcﬂs
connected to a tee TI. [ I i ..
cylinder or bubbler P 5 egvjl%n%?%gflg{ t}Ca e\?gt 3 a g&?ltle‘?réa f &WXf)glil‘ﬁ%may
purifier cylinder beratfum&candrwdr eﬂhﬂehouesagmthbughnvsws}mtf commact Timeesoeft & dew

valve of the purifier cylinder is C?Aﬁn%gted t hrough anot her_tee T2 and

valve VS to a gas PECBISATRIIEPICET ¢ FenteckngS(FPsan be ReEiarpest ‘89’?"(‘%8‘%
for collecting,fhe f@fé}%@nea aQon{iRbud Bad, ﬁiy%@sxﬁ’% (R AGEHE &Hﬁ&ﬁﬁ?tuﬂﬁﬁ?
consunes di borane, “such as a sem conductor thin | m 10 depositioh sys

or other reactor. Redsqipeentrining the N&eah@%ﬂp@% IThedlay rate tlerongh theevesstl, vﬁndh
a further tee T3, ich cte Lee
T3 is connected th eg‘?{oglor?]ﬁ?s eves?d %ﬂ[gof\% gﬂrﬁ% oEﬁ 101965’ %é%?%pe

W th pressure and pmuma@?ug@&edTthnhﬁ@I d Desiratdy,i pweobquyingapmedse and
connection W connected to a punp and waste gas scrubber. The manifold, is

al so connected to RATUCHRFY By C@?}é@tnﬁo%??@taé“rré’ﬁfé?m?f‘él 3t 3 JocgHien yhere thenpyrified
val ves V8, V9, ,and d I

shown) nmay be Brgovidg) éﬁq’ e'? : googchgsghsgr@ tg%:h@gﬁa\q}gtl%‘ﬁgrﬁegd‘{g%to‘t?ﬁg{r“rsl%(lgéges%?Sfr?ggh
wher e :desired for feusell oMdsgpieieealjly ahedibotane Birifee infedinetybaferd iciapse t y

generator. The bypass |line and spectrophotoneter are used for 20 eval uatj on
purposes in the exarrpl edlbayghy g1t 2sprst d%ﬁr‘hf HBYatgn chasnbeen gipmpnized above in
associ-at ed val ves, t H81Ghd Offe SHDE&EBAILE ARl bhfiRa {ohe
reaction cylinder Q&T Q’mé] \?Aﬁgﬁéahgﬂ]oroﬁ ﬂ% de rge%ct antaas cﬁ?sceﬁsgﬁeag o
above, and the purlpimﬁcatmynlofrxdbarr Eiorgamtlliyldedleswanm remémaliraf xinoeanio ritalidesi mtgcr

reagent as al so di scussed a e clgrrp te systemi s..eyacuat ed through
V\B.S'? e 30 than boron trqlallgcs su& as us, pr\olcess 18 apphcz;{)?e 10 Temove 1norganic



.25 connection Wand the associated punp. Wile reaction cylinder Ris

mai nt ai ned at the.desired reaction tenperature, and while purifier BZi0T 2002
mai nt ai ned at the desired contacting tenperature) gas cylinder S and
‘pressure regul ating valve VO are operated to admt boron trifluoride into
reaction cylinder Rvia valve V 1. The BFl reacts wth the borohydride in
cylinder R to yiheldksarem Xbaongenic ryldudengelehdsioframe thangio®0 cBiistinghe dibblaee,

val ve V2 and the, purlfler val ves and V4 r 'no.en t 0 2 ocT
2002 the ni xt ur é$1edmitby serdane ?@%ﬁ%ﬂ?s\éﬁ *pHF’ %ﬁ& f‘g’”ﬁeoﬁt?ﬁ@h?ndt ~ed
a~nor ane, which ShésRof N DI C iHeNPofhhic R deO htth R%

of the purified r@l bora}r%e]%?}s g)éég%t]éd tehrSXLCF)éhcva vg V7 to ma’?u ol gjol\fan
spect r ophot onet ateledtedhomuhe gmptcbesxmmgnﬂsﬂﬁal Bit, oGeR,hBF7iPR, UASF f, AaR), IShEGt or
R, valves V3, V4 and V5 5 are shut, whereas valve V6 is opened to divert
the m xture &r owhEs HrPixPEes Weregki ng a pot assi um bor ohydri de reactant in
reactor R, the opti Ol S on

t enper at ure of abouwn@gg&ygpg ‘?gttﬂégﬁgﬁmeﬁgt %r@ggec ?%%H’% Iggﬁ%oﬁl}alrcggﬂ)ﬂ&t at
hi gher tenper at ditejana-cohghsig sonoenyitatiydroddebamednitg rdagemr mikeure witlhso

di boi anel boron trifluoride m xture 10 resul ting fromthe reaction is
observed. Sim | &1V HEYEBrPoNdiptigh} fi qep@HeBA¢ i RieseRk inmhe raixaire.s Thrgher

when sodi um bor Pé/c%s'e%j?cc'o?dﬁh’%?ﬂmﬁsna &&fb@u&fmpa%%wmemég&;sg& 06 aéﬁgg%use

t he hydroxi de | purifier fectl er scavenges boron tritluori
t he m xtur e,10sodmumra)comamhlgudnbbmn@rwdmhdexmaganb:ehm@d asndnseasedoabd%evxmdl e

still maintaining,a high: baorane autput fro urifier, This is
15 | ess preferrégrbﬂggé‘ﬂ‘ ‘t"'Hh .4"?%1@? C%ﬂﬁ‘@?trflagegt ni DEUESY ?P“EHE’“S may
purifier) opti rnb@a%ea]%fsgeuea&ﬁevlﬁn&inﬂgmoa WERI M8tk Véft faifdee UBerf tHe' i um
sodi um or potassi um hydroxide. 'fhe nost preferred hydroxide for the

purifier is it Hbignrgentan vesh halidaseandicarhen digyode Jothheanpher iemoxed i alegleabl y

is used at belo nperature, and nore preferably at dry ice
t enperat ure. WPT%&??IQ%FT VE EXAI\/PLES The followi ng Exanples illustrate

certain feat;ur es of tyke anbihentds &X a1Ep hrgvedtiond Qr@id B mpNods SdfUnthesizing
bor ohydri de was packed under helium atnosphere inside a glove bag into a

cylindrical stai%hEdE SOBPFIsIg,JERInR @v&?%?mdilés EEftapy t pehuing) pogssiugn
each end. The r%?dh?ana@mcy%ﬁda m#zsnr{ﬂumtdengméd ﬁ}@ﬁ%ly"hi:h xmeya@ fohR%ed.

This reactor assenbly was [aced within a j acket ed enpty cy I ndri
cont ai ner. The peactipp prodﬁcm'ﬁhaermmdtégsblytleetrfMtlIaea rézs;:mnccmwbtumec)f

it i ngs. The. pifPbR a7 Ostis bt A haFPe rFithand ERFBMT e (it 0%

pot assi um hygr oxjothesi@l | héhydfiae, 38ndoPpreddrily icondidtd | eismlmgrléﬂ ot NGiSm
conducted inside a glove bag with heliumflow ng. 7 OCTi)02 The

fill port was clh9sdydrife pr inchudes/pRagsipn bph@yrl@é@ﬂqgﬁthahampqumr@bowéy«énde
connected as '”rﬁéfla}t Sthd RRak h%astteérddéb‘{lxhblﬁ?ﬁ)é P8l M& aby&rice J? a's’?;f\)e}ftgé nd

reactor and puritier”were evac e” puri | er gently heate
evacuating to drdmustiseeforred s herginhysdr GdiydrocEbe ]Taekﬂt:m de)si:tahlyrherpeﬂbmadd
the reactor was filled with
by conunuously passing the boron trihalide, in gaseous form, as by passing the
25  boron trihalide through a vessel containing the borohydride reactant in solid form.
The reaction can also be performed in batchwise fashion, as by condensing the
borohalide on the reactant in a vessel and then warming the vessel, reactant and
borohalide. This aspect of the invention incorporates the realization that higher
conversion of boron trifluoride to diborane is achieved by reacting it with

30 potassium borohydride than with either lithium or sodium borohydride. The



dry ice. The purifier was cooled using a Dewar filled with dry ice around
~Boron trifluoride was adnitted to reactor R fromgas cylinder S 0i2t0€T 2002

,the pressure regul ating val ve regul ator adjusted to maintain 1100 tort

inlet pressure to the reactor The inlet valve V 1 of the reactor was

cl osed and outlet val ve . open é ﬁ S,a. sa 8 Ff fche‘i‘:S[eaCt ed mfxt ure

through purifier $"0R &4 Ipé? ats%mBa QORI dugh %Lﬁ BRI A I BUAFEE

pressure of 24 tQp e%ﬁesC&ub%Grtﬁr@mx@a@o@rzeenzamﬁ QesifaRycald re&euo?ifl%nénﬁoﬁscan

was taken on Buck Scientific IR spectrophotoneter. Figure 2a shows th

spectrum of the sanpleagdist thandiqoat BE, pumresedi bocamas: withethé FBoccdinr:MSeabraﬂught

back to mani fold and evacuated. Bqth val ves the purifier were
closed. A furthefUrdgnpl éeast pf’heOfrr’S‘ft {fRghen. 5 %P‘qug]ﬁ g?SéTéElyoFo’Wﬁ%”éd?’l &k& ed

in the 1R cel/ ﬁ%? gnof 19 tort by opening the outlet valve V2 of
the reactor and oréh H?e V6 to the bypass line B. The IR spectrum of
the sanple is shown |8111Fﬁg1h|eea§ﬁects'ﬂﬁnbe spestianupnos ievappaiatue rfan gerdochiag sie

shows absorption at 1450 cm charac,#eri stic of ? 3.. These results indicate
that the purifi eProfgsessligcussd pbovey HRSoRSHASEEES Of P YRECRPIQVides aumrifier o

| eavi ng 20 di bor vaps 8l ih¥r gt A6hiaeEXB8P18 BF.TRR RrPGsad f
Exanple 1 was su gn'?gn(? %C?%?ep]eart ed, exlcgpt thzft t he purra%r U{g‘;\ﬁgt FFrmm
pot assi um hydr oxdrdaamsoﬂ(apingabr demm@rgpmcalu)ulmc mnsranpl end)falspa]smivmgs a
t hrough t he er was col.lected at .a and the IR

E)urr I Er es;g /g
scan 25 was thkefiPOFFRe BEREATOTL Y LHB JRCIA 13 é{%‘ﬁrnt ROUSTBPEH OB AR no
i ndi cation of BFjnyvedildWe\peévi@diothgenganp! ﬁ,rwa!ﬁakﬁrgl |B6draft aksink4 tl‘ié)rﬁorés@{uﬂrugh
bypass line B, thus bypassing purifier P, contained di borane and 'sonme boron
trifluoride; thebfgpmdirmme@ﬂlqrhrdsic%sé?ﬁpIaéo\maswbichn may alsp Fcjude2b. pWifeseas

results suggest t m yes bor on
‘trifluoride corrp%lé‘?"éfe% ahrS)Q'? ‘%ﬁ’eqpai\gsa%p%xedr] & ll‘:natargpgrcr‘so Wg BoOrERR" Wgu‘?e

r 020 CT 20p2afenapihe pdini be upaf,cmediemmwﬁ isfecmnpdied diréctlysto o el wingy
repeat ed, except that the purifier was filled with soda |inme (a m xture of

sodi um hydr oX} dePTOEESs SAUIPMER! &5 CORHPYORE OF i FReoR T .of the ditorane gpadener
purifier were cogleslstia ugééphﬁﬁ]sﬁmb §hatatE- ﬁsmé ﬁ.@?ﬁglﬁ fromthe reactor

passi ng through e puri was col ct ed at 5 and anot her sanpl e
was col | ected byBRESF RESCRIPHION OFeTHEDRAMINGES. Corrparr son of the IR scans
for these sanples confir dtha Lfier scrubs .t brontrr l uor i from
t he di borane/ boron tTif| dﬁrld&é’%ﬁgffﬁpém‘%%" %rg nﬁ% OIhOQKEl?P(QP)’ n (rjtrr!}h

di sproportionati gregiondt borane i nt o non-condensabl e hydrogen was 10

observed. Conparison Exanple 4 Reactor R used in Exanp was cl eaned,
dried and théh fill edFig £hissn in rgrcaﬁeecarm&%foﬁlamﬂbfsﬂm%%% ﬂ@oﬁ*ﬁﬁa’éﬂpﬁshed to

the set up of Fig. 1 d o i f
Exanple | was filled &nﬁt h524%1hgram; [@ﬂqu?h?rl?ﬁtﬁﬁd@@ tl's-lgfl"{:rsﬂﬂ'gur| ier
used in Exanpl e ilnzwaerdlamt\em one dimiodnn@peathedn‘gpnpun ged Wi t h heI i um and
evacuat ed. The jacket he react urrf re f|| ed
with dry ice and al | ofitid 3PALaR Ifr2 83?%‘5’“@1? aae%thfr (E‘Jr"gtt1 gjne an
trifluoride was pgpitted to the reactor at 760 torn pressure The i nl et
valve V 1 of the reactor was closed and the outlet valve V2 was opened to i
20 the bypas@5line B Higd 3ads s dnfraredaspsetipin of kg mivnreceft lg. 3b afer pwifications
collected in the, pre- evacua wstheIRscan of the
bno %i;cgrélrag lhgpom%r%%lbh nl: hpéjfr e ﬁR ﬁe%

sanpl e indicatin a Si gnr I'can r ‘content of unreacted
boron trifluori deODES ptdmCAf]mmmG' OUWBIINVEWIU’N pot assi um bor ohydri de.

Apparatus according to one embodiment of the invention includes a vacuum
tight stainless steel closed system. A gas cylinder S having a pressure regulating

30 valve VO is connected with a reaction cylinder R containing the borohydride



. Exanple 5 25 The IR cell was again evacuated and a 22.4 tort sanple was
collected fromthe reactor of Conparison Exanple 4 by opening the b 23CT Q02
outl et through purifier P. The resulting IR scan, shown in figure 3a) shows
“only diborane and shows the absence of any boron trifluoride. Conparison
Exanple 6 9 0z ocr _ZOX2 The procedure of Conparison Exanple 4 was
substantial |y repeat eggagexdepbiidt foati tHReactroeaghmter R masankept vave Voo an ouue
tenperature. Boron trifluoride was opened to the reactor at 800 tort ,
pressure and the inl etaWaldenPBSEE Enda: sHIFPF!IgR CYBderols dackgied o faghirEcorlng n

the IR cell, bypassing,{ g lQrHEér{]tLr%rrfacta'lﬁ m@ma%we[qugﬁﬁheﬁzgg @&mga}éa%ta' y

boron trifluoride, indicating that little 1f any di borané had forned.

Exanpl e 7 The proceduree Df. Coahaancis of tEXENP| @niciea g0 raepediee dylindert orububibter P

reactor containi ng_potassi um bor ohydri de. The 1 pectrum.indi cat es )
significantly highér g%‘ﬂ‘fget’ﬁe‘o‘faqv_di %graﬁﬂeou_flﬂa‘f?h‘[e& : aghel Qwé’l i § i PiESS
Exanpl e 6. to Exanpl e,irof00Y¥&5E&H AR s8fd ifGhen e adidedihar @ﬂ@]eY%@ifﬁ'r feyRMfer is
reaction of BF3 and po ass::ﬁulr;U u(:)grlhOhy?Irl de ﬁerghd;&er\fnﬁ] ned. 7. 5‘grags_ .
(0.1437 nol es) of pot agwkd Pughyatoindie Sfas: RRAGBYC i YP & 75837 reeshaptidedes k.
SUEel gaaLe CYLrer el 95, LA PR ol o ML M THBRRL 1 I i
mani fol d. Boron trifl 0D piodes wqsprhdnawiick coreamesndiborbiee syl ak ademicamidcieomiefised
therein in six different attenpts. The cylinder was cooled with liquid

ni trogen. The ampuft SFPOB'(S‘P’E)F}V“FW’IOHEHC&é“transf_erred varied from.OL to
.077 moles in these atterrpksbypﬁéimvet"@?ndhﬁ?ﬁ)s@ lihé BfdoREds &R TeRit & ARSECEE €4
into the sanple cylinder was weighed and stored at 0Cn a freezer. The
reaction mxture 20 pmdisdrit canrectaqddo eop|Tizn diee remainiag hraponeef teg TBE cowreeted Hiopgh
time by IR scan. After RV I t r I

cyl i nder wei ghed and ?eﬁﬁréﬁh\%\ﬁ Fﬂ%bag.rag%ha _u%rl\{i 3@%‘%&1‘ @g]cﬁr@%}"%t e vglcu;(]m
attenpts conpl et e reagbigon ylihelrdinifglddis lequipped witls a okester copokectiio Wghconkecgedan.a A

total of 0.19 nole boron trifl uaride | et.el v . ted tao vield diborane
In the next attenpt wRERP % Wn%‘leegagfscrgg?r%'neflﬁ %ﬁﬂgoi‘féseglié °&%‘§°‘5"3&%8" Anpred
left over a week in tgecirogebdateer chie I pamidaddition®i valvwes OB\, ne@d \DIOr 48 provided.
trifluoride indicati n% exhausti Q

of tassi um bor ohydri de, The experi nent
reveal od that 4 mol es TP BEEBTGI] FRUGHers Lot SERs s opIPERAleg hiqere bl el
of potassi um bor ohydr ivdeadQu ¥inedl RcalioROWRAE destred For- monil@rids B brateddo BxadmRl e 9
In this experinent, 21.1 grans potassi umborohydride was taken in a 175 m

stainl ess steel cylindeqUired g3peeityr SeBSTRIORdd S DYRiEh!iRg eesifophptemealeraare pesd Sfor

steel . diaphragmyal \éealuaf-[ig!l? Ydoisé?.dﬁrth\f"ae?arﬁﬁ/l@s%@tﬁﬂh%}%\»’}’etihgslaegerﬁ’é?ﬂ,rﬁiﬂ&'qgnéed

back on s the vacuum mani . Boron trifluoride 8.2 granms (0.1209 nol es

was condensed into t hiassogigled Majeas. ean bE jogpificd fiom pregisHon ¥MgBEat ure and was
e e o2t o Rk, Rl R KAt SR U e
hydr oxi de. The out | et discasedodbovhyeanpuhe furdier oylinder P is filled with a hydroxide-containing
reagent as also discussed above. The complete system is evacuated through waste
25 connection W and the associated pump. While reaction cylinder R is maintained at
the desired reaction temperature, and while purifier P is maintained at the desired
contacting temperature, gas cylinder S and pressure regulating valve VO are
operated to admit boron trifluoride into reaction cylinder R via valve V1. The BF,

reacts with the borohydride in cylinder R to yield a mixture including diborane and

30 BF,. The outlet valve V2 and the purifier valves V3 and V4 remain open, so that



t he vacuum mani fol d was connected to a pre-evacuated 175 m stainl ess
steel t o cylinder (receiver). The purifier was cooled with dry |[gg gﬂzﬂ)%he
receiving cylinder was cooled with liquid nitrogen. The vapor (di rﬂ {
“fromthe above cylinder was transferred passing through the purifier and
into the cold receiving cylinder. A total of 1.6 grans sanple) noted by the
wei ght [oss in the reabé aixwuredeim cylasertR amséfsahmoegh puklter wetoghim gaxiimeaofivérhee,
receiving cylinder was also ~ 5 ~d 1.6 .. The anal ysis of the sa

.6 grans : npl e
reveal ed pure di bor ane’Mfh PASEseZ0 it FEPe Iclinder prapsingodeyisinF - TReMe R &Y Rrgified
thus shows the effica t, 08 Bl o8 Vdive BV Rauen R Q%
inpurity. The purifi e?&{?o(r?];l}eﬁg&gxarrﬁflg %\Dul de al so ef foecti vel y S@ﬁ‘%?}ﬁ%?rge(gn]y
hi gher boranes. As t held moegoirgompasitaniod thevaixiuat fromseaatnd R oatlesndl,i \hsando¥ S

the features 20 discussed abqve can t\ﬁqa.used 'tcﬂout departi nﬂ ‘Qo tPe
nvent i on as definct BYF tHb R e Vi RETEY IS REBSERLSE PORMOIIBFE Por r ed
enbodi nents shoul d be takemshy YeyorRfiuh! botehyddtié ORactdnftiiefeaiBAR DYheWaYtiRim
limtation, of the invention as defined in t'he clains. | NDUSTRI AL

APPLI CABI LI TY 25 The moegenen phBEntoi iibprangrochiss apprdaeebni wmpszabieessi abowinel20 to

purification of hydrides for_-us e.d. .10 sen conduct or. manuf acture, (gl ass
manuf acture or further® gVnﬁlgsi gvhf)? "%n'éfﬁcstiopi'?al%r@gé;r?‘lmcgl ’%’.gher 'GreTHE }g%ﬂﬁ?

Wiat is claimed is: 1.cofcepirfiRsst fioronpurifioyiign atherdiesibed/boeentiaNidridg aneurer
nore inorgani ¢ hydrides and containing one or nore inorganic halides as

inpurities, the prtes§uEgpFamiegeryp Hcbsayct hamitaeiht &eropi tifueride FopiRs ipr
more i norgani ¢ halidesyf 'Prﬁﬁﬁ}enisvﬂiéﬂlr B HeR B bPbhyh ARG Hdidpg ix?rbﬁ\cgrof Pt esium
hydr oxi des sel ected fromthe group consisting of alkali metal "hydroxXides,
al kal i ne earth hydr oxiwheshydrde. ameeavseu thehpdrandede ruifieh 8r effsptivelynenerenges torome
or nore inorganic hali . SH Act | g, A r d .
tenperature such that tggﬁocpd%?{aoq"oﬁlgn%ﬂgg;eh%#%ggltﬁ@p%ﬁ%@? rg%et (i‘agltbféscrde arhed
in said materi al and sRiwtilensgll arimotieg hdighcmsityadiborsnebattamtfioal thy puefien dilis is
fromsaid nmateri al 2.l A rocecgs for hsel eﬁti vel ¥ renovi ng | nor %an' c halides
froma mxture conthi nfﬁdﬁgﬁrée CCASF AN PISHIGLAIPRCIR 8 FHEE- aHigiPE RATIEST. QBRI
i norgani c halides, theseRipeessveaPRPni StHie Ohihamt ivdg of Mighitth X kddien W tidtadsium
conposi tion including one or nore Inorgani c hydroxides wherein said
contacting step is contyferss: a&heginots'eﬂf)’g’fréq Rrdeoxpste iBihe Berifier s iethivm hyarqyidsc s s
as claimed inclaiml resmigneen%ee,mhéﬁarﬁh_eﬁp%emabmg Ssell ROEAG kGorlHpb RS e, 1aRd
si

sel ected fromthe group consisting of diborane, | ane, gernmane, phosphi ne,
arsine, stibine and nime¢rapeederatiepiedsy icedempsragiecess as clained in claim3
wherein said one o ISRRAGRNE j consists essentially of one or
nore inorganic fl u%(}i é’g‘dggﬁgct ed%?(?g'knqlf e group consisting of BF3, SiF4,
GeF9, PF3, PFS, AsF3, AsFSThelifRwirgdranpiasiiliuitsetenesin featweseof the idvenomr ocess
as clainmed in claim4 m%r?iln said one or nore inorganic hydrides consists
essentially of diborané 4Rd Said one or rmore inor ganic fluorides consists
essential ly of BF.sub.3. 6.50Agmno¢etssias totchiydrizid wias pdchednuidedr heBumhamesphere
sai d conposition consists essentially of said ane or re droxides. 12,
020CT20027. A pr'B?:‘g"sg BlOXG BIEMIOF ?Yél“‘ifl“‘éfj?ﬁ“_‘r:‘e%rs‘eﬁ TRAR ’3? fvolyme 195 cd) it
conposi tion includes Ofig& ofedch eall KBhd réaBbAlvadVe@XiifHe fMmourting AaREed GARS valves
according to claim7 wherein the conposition includes |ithium hydroxide. 9.
A process accordi ng t ocleedi hhiP ERAETeSSERL WIS ARSE] 1B P Hatkaiee ssmppicytidrical

hydr oxi de. container. The purifier P was a stainless steel bubbler (972 cc volume) with a dip
tube, welded top with inlet and outlets valves with VCR fittings. The purifier was
more than half filled through a fill port with potassium hydroxide pellets. The

30  operation to fill the purifier was conducted inside a glove bag with helium flowing.



-10. A process according to claim7 wherein the conposition includes

pot assi'um hydroxide. 11. A process according to claim1 or 2 wherefngChesn
.conposition includes one or nore al kaline earth hydroxides. 12. A process
according to claim1 or 2 wherein the conposition includes anmoni um

hydroxi de. 13. PhPHPCESS WECAsGH NGk A/C1 AR kapr FhyviedctirNadd ubAEPASe | ON
i ncludes one or nore transition netal hydroxides. 14. A process according

to claim2 whereaimegal as Heapeedainurie. 1.s Albsasbens abdatsel gpinciuding redgoicandl5. A

process as claimed, in claim 14 v;ﬁle?rei . said tenperature i.]s about, -80 C. 16.
A process as clBITHEA 5ie EYAPHES r&“ﬁg’rﬂ ?o‘?ﬁfr? ”Pfd’ef"ﬁg"g’t’épf"a‘f“aﬂf‘ﬂ 19 9hg.
the purified di Rerane:dh HafReUThE Ja@ﬁté@&ﬁ&diﬁé},aréﬁidde%EFﬁFwd%gﬂ&E%fmel ng

preformed at said consunption location. 17. A process as clainmed 1n claim?2
wher ei n sai & di éiyriemeThe pyifier fwae doded vsimgd Méwdri filledboitht dr4 ibwamosndiftt er it is

purified. 13 020CT 2002 18. A pr.ocess as clained in clajm17 wherein
di borane is used i mw%%oé{t‘[éﬁ%r&’fet‘é?s "l"‘ﬁ’”f‘ b‘hf‘?aﬂ"éﬁw 2 f))?] ES Witk dhedi ng

to claim3 V\herﬁﬂe%?%%uﬁﬂﬁmﬁbé }@maloﬁ ahps?edselrmnmaﬁ@o 164§ r’éé fGfe R 8S

clainmed in clai rein said contacting step is perforne a pressure

bel ow t he equi | iberieacron afier inpm egbuer €1 aff We beacaore was cldsed taedmmeitlat walee V2

prevailing in the contacting step.. 21. A process gs clained ip claim19
wherei n sai d coPReRE] il Pasy &Fameley Srrﬁ@dg“gy”ﬁﬁﬁ%f P BY t?rn{:}oué $3mpl6 of

sal d one or wmfﬁaski'a BRRLE Gﬁﬁéridxd%a@emé%&s&@eom R Sad eai&?eaiiﬁ_aggai des
c n§

t hrough a vesse ofntain sal d conposition. 22. A process as cl ai I n
cl ai m 19 wher ei avasaated chhpardli tli on Ths IR stas fwasmtefenpenddiuck pdicleatif IR
granul es. 23. A process as clained,in claimJ5 wherein id conposition is
in the formof 65’63‘?%]%‘6"‘3?1“ a %b%?%gl_?qwaﬁ g ]%ng?ef{rg'apoﬁilsf .Sa’?H{.gP A ‘BF”SB‘_@%S as
claimed in claiBurk @bordnd. UThBER ceDRikibsbultht bAck & Sianifdld e teveaiatedd Fud
conposition by heati ng sai d conposition in the presence of an inert

at nosphere. 25. vAvex ¥Yéeand Vs o thg pusifier weie glased. whdvihen sample efathemhixpure
e o AR5 T SATERR B O ST A Pl ™
outlet valve V2 of the reactor and bypass valve V6 to the bypass line B. The IR
spectrum of the sample is shown in Figure 2b. This spectrum shows diborane and
also shows absorption at 1450 cm’ characteristic of BF, These results indicate
that the purifier has successfully removed BF; from the mixture while leaving
20  diborane substantially intact.
Example 2
The procedure of Example 1 was substantially repeated, except that the
purifier P with potassium hydroxide was kept at room temperature. A sample of
passing through the purifier was collected at a pressure of 53 torr, and the IR scan
25  was taken. The spectrum shows only small amount of diborane and no indication
of BF,. However another sample was collected at 14 torr through bypass line B,
thus bypassing purifier P, contained diborane and some boron trifluoride; the
spectrum of this sample was similar to Fig. 2b. These results suggest that at room

temperature the purifier removes boron trifluoride completely, but some

30 disproportination of diborane occurs.



26. A process as clained in claim3, wherein said one or nore inorgan
hal.i des i ncl udes one or nore inorganic fluorides sel ected fron1theqh& ﬁbﬂml
consisting of BF3, SiF4, GeFq, PF3, PFS, As F3, As FS, SbF3, SbFs, and

" mxtures thereof. 14 07 0 CT 2002 27. A process as clained in claim 26,
wherein said one or nore inorganic hydrides includes di borane and said one
or nore inorganic flqgamges i ncludes BF3. 28. A process as clained in claim
27, wherein said contacting step is conducted at a tenperature below 0 C
29. A process as clained The orerdwe®f Rawpki h isapksiandiiye repeaigde qxgex»bélﬂambm

-92 C and - 4.0 C. 30. p?\éggrgﬁa%a@eﬁ%xﬁll s%bmgxe pm%{n?r'ergtggdlu Ex%klra%f%c

tenperature i s about A proocess aimed 1n ctaim
conprising the step ahd Walchinziiygraxhie). pliné freaechr dando peviféer atver emﬂl&iurtmtdrpnce
| ocation, said contacting step is %erfor med at sajd consunption | ocati on.

32. A process as ¢l ai'tfRRFTa €| afdmP 1fr°’U\H1§rr§4°FPr§éﬁslﬂ‘gdll?’8'éﬁhalﬁ%p‘|‘%ﬁeb&'raf £qllseieding
used w thin about 4 '}P%ﬁ%%ﬁf bl aﬁo&he'r%arn,sa | fals €hecid b as?fn?clﬁ§§uﬁ§ercaltq|9n{%ﬂ in

claim 31, wherein said diborane is trans erre ire
di borane-utili zing eqlurrmmam dftbeiR samd fati those aareplescqnﬁrmefdl det. puBidier krpirsabess

as claimed in claim wh. I‘EI% ﬁgu h tr nsfe/rb gef{fo r med San nuo

35, A process as clal irifunidg forgghe Qibafans ,bogaq GITuoLles Uyt R’%

batchwi se. 36. A proqRssveaSsodleadispeshordnstloni ondbBrank € hen- &ﬁhlﬂd]sﬂjlé)h))fd@dg@n Was
transferred directly to diborane-utilizing equipment after said 15 02

OCT |1 002 di boranelli s 9peavedi ed. 37. A process as claimed in claim36 wherein
said transfer is perf(%n%ggsoqlcmta}ng]gqusl y.

Reactor R used in Example 1 was cleaned, dried and then filled with 62.4
grams of sodium borohydride and attached to the set up of Fig. 1 and to the
vacuum manifold. The purifier P used in Example 1 was filled with 247 grams of

15  lithium hydroxide. The purifier P used in Example 1 was heated to 60°C,
repeatedly purged with helium and evacuated. The jacketr of the reactor R and
Dewar of purifier P were filled with dry ice and allowed them to cool to dry ice
temperature. Boron trifluoride was admitted to the reactor at 760 torr pressure.
The inlet valve V1 of the reactor was closed and the outlet valve V2 was opened to

20  the bypass line B and manifold. A sample was collected at 50 torr was collected in
the pre-evacuated IR cell. Figure 3b shows the IR scan of the sample indicating
diborane and a significantly higher content of unreacted boron trifluoride than that
found in Example 1 with potassium borohydride.

Example 5

25 The IR cell was again evacuated and a 22.4 torr sample was collected from
the reactor of Comparison Example 4 by opening the reactor outlet through purifier
P. The resulting IR scan, shown in figure 3a, shows only diborane and shows the
absence of any boron trifluoride.

Comparison Example 6



- 38. A process as clainmed in claim36 wherein said transfer is perforned
batchwi'se. 39. A process as clainmed in claim6 wherein said conposilt7 08T 200

.consists essentially of one or nore alkali netal hydroxides. 40. A process
as claimed in claim39 wherein said one or nore inorgani c hydrides consists

essentially of di borpperandusadfCangrison Rrimsple Aoraganbstantiblprépdesd coremst s
essentially of BF3. 41. A process as clained in claim40 wherein said
contacting st ephiilslhcammrtlgwaatkeﬂ A SAPBIETRE BUI5e BoVenabdlveride wvas ppened to
process as claiged in claim40 ej i ur e i e n_about
P92 C and- - a0 oe gepeion ST EASECLR Bl VAR Bl T € ch By R gy R
conposi tion congjjetied ems e iIR! katl, obypdstihg Ui hydtfiexi dde . sRCPENC SREVEAS
claimed in claim43 wherein said contacting step is conducted at a

t enper at ur e el predabimantlyOba@on ¥Eluopidpr BeiseengaBalditdg ey fibotAngihad 48meler ei n
sai d terrperaturﬁ i s between about -92 C and -40 C. 46. A process for
renovi ng carbon ¥PRf de froma mixture of carbon dioxide and an i norgani c

hydride conprising tfg ?x’o@&iu?&c ofCOBPSrisdon ExdMiple 6-wds Rplatdd, 2P dsifgiadesbrart Ur €
with a reagent conposition including one or nore inorganic hydroxides. 47.
A process as cl eimauing po@ssimboeohydedei The dR $peavamyimdiceten gignifitentio highet s
essentially of diborane., 48. A cess. f.or At i di bor ane conpri si ng
reacting a reactdH miOﬂﬁiba{ﬁnﬁg'aaEﬁagsag.‘ﬁ‘;ﬁ“b‘%roﬁ‘%ﬁ“%&e@% % i boron trihalide
to thereby fr nggmﬁﬁ@(gt_i on product conprising said diborane, and renoving
unreacted boron trihalide fromsaid reaction product. 49. A process as

claimed in clai m48 Ghevepiion seificiencyacpdndiberansixgld Bementactipn yoloBFoaessi um
'mel udes. pot assPRAYBED SRy Fa v lscaearingtt 7 B ARn B P Rl SRESRY
process as cl ai gp@hydri®yaPioabddrinTs 748nbRaintesy ake) sampld dydinaén MEids aegobe
e e oo o e s S o2k LRt S 2284
15 mounted on a vacvum manifold. Boron trifluoride was transferred into the cylinder
and condensed therein in six different attempts. The cylinder was cooled with
liquid nitrogen. The amount of boron trifluoride transferred varied from .01 to
.077 moles in these attempts. Each time boron trifluoride was transferred into the
sample cylinder was weighed and stored at 0°Cin a freezer. The reaction mixture
20 present in the cylinder was analyzed at 30 torr each time by IR scan. After
analysis the product was transferred and sample cylinder weighed and refilled with
boron trifluoride. In each of the six attempts complete reaction yielding diborane
was observed though IR scan. A total of 0.19 mole boron trifluoride completely
reacted to yield diborane. In the next attempt when .01 mole of boron trifluoride
25  was added and left over a week in the freezer, the product mainly contained boron
trifluoride indicating exhaustion of potassium borohydride. The experiment

revealed that 4 moles of boron trifluoride reacts completely with 3 moles of

potassium borohydride to yield diborane.

10



52. A process according to any of clains 48-50 wherein the boron trihalide
is boron trifluoride. 53. A process according to claim52 wherein_ s if
boron trifluoride is present as a liquid in contact with said reaQ:Zﬁﬁ 2002
" during at least part of the reaction. 54. A process according to claim48
wherein the step.of IiEéTDVi ng unreacted boron trihalide fromsaid reaction
product conpris H?l%g a reagent conposition including one or nore

i nor gani ¢ hydr oxi des,ntifis e Rt PT 10V igetensPpdthdsivgsl beiobpiraleewaslhken th 2 195C T
2002.55. A process for produci ng di borane conprising reacting an al kali
met al bor ohydri del wizirtlesa stast oplinder Hedatide cybndes) then elesedt with prstadhless steel

conprising said di gboran a removi ng unreacted. boron.trihalide fromsaid
reaction produce’fR r%ﬁf‘htvg]g?‘i ﬂge §?§]irlr’§ef é‘%&te!v%cﬁa 558&&“%&? ﬁ”é\’?oé’é{ﬁgﬂ?‘:k on
conposi tion '5”C|IHQ'vﬁ'cgmﬁﬂ%axﬂfoldmmrdnﬁ?m%ﬁﬁ&8@9%@%5@.@@0# RoleRphadYorEme) de
purified diborane. 56. Apparatus for synthesizing di borane conprising (a) a

source of a bor ontot thishelindes; at diquid (yogenriemperawne ek wed plecatt i the digezer raeagent
conposition inclygi ot gssium . baorohydride connected to said source. 57.
Apparatus as cl a‘ﬂﬂéggrl %ws‘fa}‘aisljﬁie%@"%ﬁé?"é? Wk?h?‘ﬂ q?gléegtté?ﬁze'cwg‘i‘“ﬁ?dpﬂ “&%W_%ﬁ‘sts
essentially of pgdeasisie FubeéraydiHitiehRé hARBAEA! The 8516 sRie B Ghd furfHeflom 56
wherein said reagent conposition includes potassium borohydride together

wi th sodi um bor othg dvacaim Banifol pas aonmected ©l ai precviquatgdyl 15f mi| sdinless58ed s

further conprjsing g cooling, deyice adapted to intajn said. reactian,
vessel at a fde_rrp ’é’?ﬁr € ef“'ﬂg)at ]E‘npf-"i \¢] &Ia%nc&o?ga t‘fﬂt’ (fk}' 185 A, GsTeEEVIng
claimed in clai myfdétivhd €6ol&OWRA 1R MInidropeH.| MibeNGpYe fSErased Féth thd Sbdve

conposi tion including one or nore inorganic hydroxides, said purifying
vessel bei ng confidaderdwey raesferredepassing whrpbghs die pyifien and ringcthe eeldpreseivings

o S e SR AP L X I e o

Apparatus for purifyrng a mxture =contaim ng an i e an
or nore inorganic hdki,des vanfariedi nThe weight fgaim @f ks seekivingntylinden gag also

composition el ud 19, 0¢ of T LRLEAE [YSLoKd5g, and g seurce, dlosald
Apparatus as cl ajmmfity Tes§ iah ToGBnOT The Spetifbn Hos BRFwsGRETBIfcRyEF Be purifier
in removing carbon dioxide impurity. The purifier in the example would also
effectively eliminate any higher boranes.
As the foregoing and other variations and combinations of the features
20  discussed above can be used without departing from the invention as defined by the
claims, the foregoing description of preferred embodiments should be taken by way
of illustration, rather than by way of limitation, of the invention as defined in the
claims.
INDUSTRIAL APPLICABILITY
25 The present invention can be applied in synthesis and purification of
. hydrides for use, e.g., in semiconductor manufacture, glass manufacture or further

synthesis of industrial chemicals.
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cool rng device arranged to cool said purifying vessel. 19
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<MLB' step 1s performed at a temperature such that said oné or more‘hydrldes

s' 10%ga&e (s)uﬂs&%n&@%Tm& detaliisd 10Vesa&d( hatSrilVB8E& §d1d SSnkOUE fdrd 3+10%IUE (
) - <> JKL[ SbC! s' 101 Z10%VE' gwmow& ()- Y(, MLO%VE ()- 10G 10G

10G#91%@k§§%6)a§e15@&§f gtlg renpvied from said material.

| @' 10%&' ()-19)10%H& ()-G 9)10% ! & ()-GF10%VE ()- 9 ! 10%VE () -

10%VE/ WbbCl | s*' 10% X' 109 rd(*

[\s" 10%E PEPRES10TRF (So P {Bb (Tt b9 | 5t : B9 M e

*lO@bO&dﬂia@blng16ﬂﬁﬁb()morel@hbﬂiﬂﬂlc hydrides and one or more 1norgan1c

10NB ~\:1115 &10 m.! 10% 0%3 109838& ()
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comp051tlon including one or more inorganic hydrox1des wherein said

contacting step is conducted at a temperature below about 0 °C.

3. A process as claimed in claim 1 or 2 wherein said one or more
inorganic hydrides is selected from the group consisting of diborane,

silane, germane, phosphine, arsine, stibine and mixtures thereof.

4. A process as claimed in claim 3 wherein said one or more inorganic
halides consists essentially of one or more inorganic fluorides
selected from the group consisting of BF;, SiF,, GeF;, PF3, PFs;, AsFj,
AsFs, SbFi, SbF; and mixtures thereof.

5. A process as claimed in claim 4 wherein said one or more inorganic
hydrides consists essentially of diborane and said one or more

inorganic fluorides consists essentially of BF.sub.3.

6. A process as claimed in claim 1 or 2 wherein said composition

consists essentially of said one or more hydroxides.
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|1 |]FK%K)A“Rgoggsslgpcordlng to claim 7 wherein the composition includes

sodium hydroxide.

10. A process according to claim 7 wherein the composition includes

potassium hydroxide.

11. A process according to claim 1 or 2 wherein the composition

includes one or more alkaline earth hydroxides.

12. A process according to claim 1 or 2 wherein the composition

includes ammonium hydroxide.

13. A process according to claim 1 or 2 wherein the composition

includes one or more transition metal hydroxides.

14. A process according to claim 2 wherein sald temperature is between

about -92 °C and -40 °C.

15. A process as claimed in claim 14 wherein said temperature is about

-80 °C.

16. A process as claimed in claim 5 further comprising the step of
utilizing the purified diborane at a consumption location, said

contacting step being preformed at said consumption location.

17. A process as claimed in claim 2 wherein said diborane is purified

and used within about 4 hours after it is purified.
13
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19. A process according to claim 3 wherein said composition is in a

solid phase.

20. A process as claimed in claim 19 wherein said contacting step is
performed at a pressure below the equilibrium vapor pressure of

diborane at the temperature prevailing in the contacting step.

21. A process as claimed in claim 19 wherein said contacting step is
performed by passing a continuous flow of said one or more inorganic
hydrides and said one or more inorganic halides through a vessel

containing said composition.

22. A process as claimed in claim 19 wherein said composition is in

the form of powder, pellets, or granules.

23. A process as claimed in claim 5 wherein said composition is in the

form of a coating on a substantially inert support.

24, A process as claimed in claim 1 or 2 further comprising the step
of pretreating said composition by heating said composition in the

presence of an inert atmosphere.

25. A process as claimed in claim 1 wherein said material includes
carbon dioxide and said composition removes carbon dioxide from said

mixture during said contacting step.

26. A process as claimed in claim 3, wherein said one or more
inorganic halides includes one or more inorganic fluorides selected
from the group consisting of BF;, SiFy, GeF,, PF;, PFs;, AsF;, AsF;, SbFj,
SbFs;, and mixtures thereof.
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inorganic hydrides includes diborane and said one or more inorganic

fluorides includes BFj;.

28. A process as claimed in claim 27, wherein said contacting step is

conducted at a temperature below 0 °C.

29. A process as claimed in claim 28, wherein said temperature is

between -92 °C and -40 °C.

30. A process as claimed in claim 28, wherein said temperature is

about -80 °C.

31. A process as claimed in claim 27, further comprising the step of
utilizing the purified diborane at a consumption location, said

contacting step is performed at said consumption location.

32. A process as claimed in claim 31, wherein said diborane is

purified and used within about 4 hours after it is purified.

33. A process as claimed in claim 31, wherein said diborane is
transferred directly to diborane-utilizing equipment after said

diborane is purified.

34. A process as claimed in claim 33, wherein said transfer is

performed continuously.

35. A process as claimed in claim 33, wherein said transfer is

performed batchwise.

36. A process as claimed in claim 16 wherein said diborane is

transferred directly to diborane-utilizing equipment after said
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diborane is purified.

37. A process as claimed in claim 36 wherein said transfer is

performed continuously.

38. A process as claimed in claim 36 wherein said transfer is

performed batchwise.

39. A process as claimed in claim 6 wherein said composition consists

essentially of one or more alkali metal hydroxides.
40. A process as claimed in claim 39 wherein said one or more
inorganic hydrides consists essentially of diborane and said one or

more inorganic fluorides consists essentially of BFj;.

41. A process as claimed in claim 40 wherein said contacting step is

conducted at a temperature below about 0 °C.

42, A process as claimed in claim 40 wherein said temperature is

between about -92 °C and -40 °C.

43. A process as claimed in claim 40 wherein said composition consists

essentially of lithium hydroxide.

44. A process as claimed in claim 43 wherein said contacting step is

conducted at a temperature below about 0 °C.

45. A process as claimed in claim 43 wherein said temperature is

between about -92 °C and -40 °C.

46. A process for removing carbon dioxide from a mixture of carbon

dioxide and an inorganic hydride comprising the step of contacting
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inorganic hydroxides.

47. A process as claimed in Claim 46 wherein said inorganic hydride

consists essentially of diborane.

48. A process for producing diborane comprising reacting a reactant
including potassium borohydride with a boron trihalide to thereby form
a reaction product comprising said diborane, and removing unreacted

boron trihalide from said reaction product.

49, A process as claimed in claim 48 wherein said reactant consists

essentially of potassium borohydride.

50. A process as claimed in claim 48 wherein said reactant includes

potassium borohydride together with sodium borohydride.

51. A process as claimed in any of claims 48-50 wherein said reacting

step is performed in the absence of a solvent at a reaction

temperature of about -130 °C to about 20 °C.

52. A process according to any of claims 48-50 wherein the boron

trihalide is boron trifluoride.

53. A process according to claim 52 wherein said boron trifluoride is
present as a liquid in contact with said reactant during at least part

of the reaction.

54. A process according to claim 48 wherein the step of removing
unreacted boron trihalide from said reaction product comprises using a
reagent composition including one or more inorganic hydroxides, to

thereby provide purified diborane.
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thereby provide purified diborane.

56. Apparatus for synthesizing diborane comprising
(a) a source of a boron trihalide; and
(b) a reaction vessel containing a reagent composition including

potassium borohydride connected to said source.

57. Apparatus as claimed in claim 56 wherein said reagent composition

consists essentially of potassium borohydride.

58. Apparatus as claimed in claim 56 wherein said reagent composition

includes potassium borohydride together with sodium borohydride.

59, Apparatus as claimed in any of claims 56-58 further comprising a
cooling device adapted to maintain said reaction vessel at a

temperature of between -130 °C and 20 °C.

60. Apparatus as claimed in claim 56 further comprising a purifying
vessel containing a composition including one or more inorganic
hydroxides, said purifying vessel being connected to said reaction
vessel so that reaction products from said reaction vessel can be

passed to said purifying vessel.

61l. Apparatus for purifying a mixture containing an inorganic hydride
and one or more inorganic halides comprising a purifying vessel
containing a composition including one or more inorganic hydroxides

and a source of said mixture connected to said purifying vessel.
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